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(57) ABSTRACT

In a sense amplifier circuit having a plurality of sense ampli-
fier portions arranged in order, each of the sense amplifier
portions includes a transistor that supplies a bit line potential
to a bit line pair 1n a corresponding column of a memory cell
array and a gate electrode for supplying a precharge signal to
a gate of the transistor. The gate electrode of the plurality of
sense amplifier portions 1s provided as one piece as a whole
and extends 1n a direction parallel to a row direction 1n the
memory cell array. A gate electrode portion which 1s a con-
nected portion between the gate electrode 1n a k-th sense
amplifier portion and the gate electrode 1n a (k+1)-th sense
amplifier portion 1s ring-shaped, where k 1s an odd number.

9 Claims, 7 Drawing Sheets

]
¥
§
]
i
i
i
]
]
i
i
j
]
:
} :
! A AT
} mmmmmmmmmmmmmmmmmm '-rI - _. . T
1 ! 1 : = '
R NN R e TR
‘ o _pem . | ‘ T . ""_..-._:..-‘ gy, S '-.l..-". 5 oo ey - . . - \ ; - ""r.__ r ‘ e, ____
- I ~34 7w oo rew AE O k :. -I:'.:l-.-'.'-'. ; .'t.':l. " y -_l...'.: I.‘I-"'l. E . -7-...!:-'-?.. k- ¥ . . i .. '.:.II - .: ; r.l. h ;3 " E ::"l-. I" --I -
Yg i . { ¥ I__,':' T, Yy, B ir . Gy % iyt B : } ol s Fiy o, W . b ! 3
S I AR S i 2 i S i -y 5 E
¥ S I T s | Pl : : L i %
o e AL R s i A A e % dmy O, DA shrm __,,_,__._..._......_..._....._%..._m - N - ] ‘ ; - t “_r;‘mj. i E i T - - ;E _.,.,_%.,.. g
: : : g .
j : ! § A t PoE ’15 } E E i i §
b AR i IR R : PN !
P t 2 ! P L : i ! a ] :
P 532 1 A4 P g?i r b !%2 34? ﬁ’%; f%gﬁ 4?3 i
Cppde R A0 | wAL AL e AL A4 ) de AL
i) ' i ]
Lo bos i vl ﬁ i ? ‘g F | :
R e i fla
- S . H
i’mﬂ‘_mrhﬂm“'“ﬂs wwwwwwwwwwwwww Lm-m-mq—_-ﬂ-ﬁ-mrrﬂ.lﬂmﬂlli_l.lnm;mﬁ;gwmﬂlna mmmmm ia- mmmmmmm : 4-:4- mmmmmmmmmmmmm --E ﬂﬂﬂﬂﬂﬂﬂ -i-\- rrrrr g
] T o
. % E E 0 : : " [
i i ?
6-1 -1 L 67 - f-n /-n
i i
j 1 i :
b s S sty -
i 1 | g Y 7 i
; 4 f{ 3 :
[ : §
* - ;
%w& ey



US 7,583,550 B2

Sheet 1 of 7

Sep. 1, 2009

U.S. Patent

01-2

w%mﬂmmﬂmmamuﬁmnﬂ-#mmmmm

- ey et ol e R S

|
1

1

)| . . N
B it e Ml A e e e AP WG uan VEUY WM NG AL s g U R DO diei gk Do dmn G gopy wop Y SR M SR SRRt PER TR LT S WEE e ek

Y |
=l
(]
<C




US 7,583,550 B2

Sheet 2 of 7

Sep. 1, 2009

U.S. Patent

110-n

P10-1

s TR afkmsk ek PR

aTue mpr Quch VR LD AR MRS e apes o fhdd P RO WhOp OOV T b RO SR Y SIS MR RO TR bl S mas R oy

BLED Fri00

0

Whm#mmwdﬂﬁﬁmwm&n_ﬂﬂ“ﬂm

;
%
N

.u_...._..ll.i_ﬂ_nl._.l.u__Ei&iiinﬂligiw;{lﬁiﬂnﬂﬂﬁlllﬁ!t! b e s
Auk e e WU -10.. B dmer gy ' EEDE EDEF AR AL s SSE iy — g gy L el iy O ey, S— lul_i__im

Eohye PWER Wath oued Fighsl M Fanh el Frs fefecs ST oHWT- Say Gels ooy ot o

3 Tr 100

BLE

ey

-Ii!r‘i‘[‘j!ﬁl!ii-_lr -

e By 905 I 2oym wod deoyy Erichly Eome gyl Mg gy, BROE T9WR Ehad Ew A

Iiii!ttfl!]i!‘l!il:ii!l!ﬁi!ii

\

3 ED
]
- TIr |
¢ *_

Puny WROK G- BT onae gl

%i‘!&&.iﬂ!1i!i‘ii". oy A B Y, mm s mpet THE WOT e




U.S. Patent Sep. 1, 2009 Sheet 3 of 7 US 7,583,550 B2

Word line

BLEQsg ) o o |

5
% ¥
1 ) [
" et AT omD e e Sy R
-..- -!, *mﬁmmmﬂwmw—wnﬂmmmwﬂ—mwmmﬂ .
h v
o ¥

Dataread and data wriie

' BLEQsig ON
Word line ON Word line OFF




US 7,583,550 B2

Sheet 4 of 7

Sep. 1, 2009

U.S. Patent

2
Loy Om} =TEX wmmmmmm%ﬂmmﬂpm S ol v

}
:
“
§
;
N
i
i
|
.M
;
!
i
i

3ﬂi;_5ﬁ?%mmﬂi
|
|

A = o : E
; 4 4 "
3 I, e "

s I.-‘!'E. n _._-:". . - mmmﬂw‘m&-ﬁ
1 20 o - 5
r iy N
i ] N
A =
L] - - a e -..:
i = _._:- A . il _. = I-.l:i-l'luhllﬂw
= Ll 3~ -5 s I
= v ' + EL '-r..-.. S E

f : i .5' . 1 1 i A
| ; '
4 B ol . LA E
H kT .-" et U WO TR CERL G Rkt B e n e
' i = = .
w B o I.|'I P d
. M T =, - .

MOl Ll Elrk  dlea

&
‘F.ﬂl'llliu

5

L S U ; L * E
Yrlin g T ] kW e v wligell el e hoes FOSPERS CELE- HET b Sypy e D g o wemd U e ey e -y - L it = Cha'emgl) oI -="_':t'.';."-..-- = -nl-T
i 3 - o IS
i - *I : : ] ;
e b & RN i, -
= '

waiﬁhﬂ_ﬂ-l—'_nlwrnﬁ

:
f
;
]
I
i
t
!
i
{
i

KRlan wliakin mi SR W TR T umhtmnw%mwm

A i -I Jl.l. "- .|
g [
. ; Poiamiiode b0 S e GRS Pl Doyt S TR G e it ST B T TR W TOF T Mg T $
o L -
] 8 i

Mok . Sl b G e gy el uJCER G silgE oo Rom RO MO SITER PTG

e TN weerr s s

I_.-- “wmmmwhhwm“m%—hm“mw““mi

3 L =
- . =
LECAN Drkeer LA Bl v gyl OBk 0 ofel il S o B ek alge  gew oo ey mink Pl ok SS0e O A owrbn v - -
e o n -
.

E
E
}
I
]
&
i S5 ¥

E—_r—.—

:

B

§

:

;

m-?mn:immmmm-r

£

E

;

!

!

¢

ey +Hﬂﬂ“=ﬂ=

¢
mm_mmmmﬂmhﬂ?“mﬂ iy R e e e e S ey

;

_mma-mwmwww

)
| e
-
]
foeray,
M

W
E
M+
L—
w
LIy
L
o
g
G
W

Colofi 1oz wps petes BOCh iy el SRir): Sl marh:;ﬂumﬂﬂ-iwh:

:

|

|

g N
A
'lf_-m
=

A B ety o BTN RO COCEr Terrernamly ool

i

TR, nwmﬁhmﬁmm
%
£
:

B/ BN emer mghl M el Dehes s Je e m— m-.lln:-.l.-_l! damy mms uuss VM

el ey .'- . e DA s s e SR b
:
k
I “ﬂwmwm+mm_wﬂwmmmmwﬂr

| I . * 1 : I:? ._-I;'.".. =it .. T G o BN gﬂmﬂ (o Bl N

e % i W- il

= A 5 y -_- o _.-I - : - 4 d
F o o il % ey e wn T AT W Ml oW W
~ & I u: .

o w w; F I i ___: - .'._.:_ 3&“@
F A %,“E,#

mu—_m“mhﬂw“ﬂv‘mnnmﬂ-h—!w it '.""-'--"-.

> iy - ) ] _ o u
e Hae il d i 1 25
T ] - ' :
: = : y - 3 . . -
% el i T ——— i A . ot
=y 1 - W= -
ory. Il b [
- o, 1 -
i

D AN IS
B, ., ¢ €
W )
t

'

S vapet SRS w0 T TNGE M Tl R | P e G DT el ST

LW UKR O mie ool pamh ok WA

V1A




US 7,583,550 B2

Sheet S of 7

Sep. 1, 2009

U.S. Patent

s T . T

Jie Fratms dmll o M WA RAE Nﬁl"!-l— ATl ean T — I:!..__._"..J_I...nl.n_l...-.lm

A e P T TR TRl B dpecs oSO Disdh S eoEm e e

mﬂ_ﬁwmﬁrﬂ‘“mm

-

i.,//_

ATEN (Thi Pk ) -kl ST o Mww#%m&m-n—nﬁmmu—-—h_ﬁl-&ﬂ
H -.

i
§
:
!
!
_
m
;
;
i
!
i
i
:
y
;
_
m
i
!
}
)
;
|

1
s LR b Bl Hopd =t GO mfenr or Rl pocd I Gares unc s e ESTdet
- L
i |
1 1

W By e B amvhs ofim oo oo

1
-2 il el D T A0cR O e Sromc pgEpe mdt I ChES PO wval OO R
3

M.E.E._ELE.I-BI R B GRS TEME LTWE FROA TR W

I mam

|
e
o N

sl Dumk esr o R

gyt v e gl

- e S e W e gy ok poapk. W mmmmmﬂhm“mmhtbmmﬂfﬁblﬁ—hmmmﬁﬂ q-mmm#
1 .

"Q‘:‘mmm

el vrmne SHORD Dl gk felll

10-n




US 7,583,550 B2

Sheet 6 of 7

Sep. 1, 2009

U.S. Patent

"é

-

’%

Ny b g BTk Ao ST

L
}
:
i
¢
;
:
E
j
{
]
E
E
!

s B Bl gl R And A PR oy TR GEEA w;mn;hﬂmmmnﬁ.‘.
L]

Blabe- s e - T AT

!"-H'd"' S ERGE v wOme wELS N el denie TOHer WS Eilel g e PR TN B WD

!
b
i
E
g
¢
E
l.

]
;
i
!
!
]
{
\
I
[
i
II
!
E
X
)
¢
{
!
’:
i
i
i
l
!
i
i
e b

[
mmmmr—rudm—r-—;ﬁm WO AN LR ST =L T

R o=
3
w -
i
[
_. £y
m,,...a -
;
i
E
: <
-
1
B
!
i
§
i
A
o h
!;W T g
'
i
:
i
i
- L .
3
T
4 m
:
; ——
j |
:
i
| =
i
M
;
! o
S MU I
! e




US 7,583,550 B2

Sheet 7 of 7

Sep. 1, 2009

U.S. Patent

!

h ey
ﬁm -
w

b Al

i
g ;_

Arul|
g

E
Lew

O ey e B ek WA R

o = meo Cm
h&lﬂmmm
W e el

?ﬂb“mﬂ
¢
:
)
i
s
!

W e TEED W GrfOM T cahEe TR M WS T o Foh Thoh- Wiy S
ol - o - R TR 5
N r B - o~ E
iy W N & 9 k
- } - 3 ] .-... -_.P._; L]
¥ i d Qumu—n

[SEE A ES I P T T mw whiay. wl

|
-
mmmﬁmnnnﬂmmrm@ummm
el e o e W e B D W Rl
S i s <t et iR o e T A

]
E

I.I 4 A I¥
b o ¥ g
0 ; - S~ '“mﬂh“m?mmwwmﬂmnﬁmﬂﬁm
%, . L
o 1l T
1 1 a1 .

E

= Tt - El S e Ay T ORD T W T B

] pepn GAME TS oIl RO Nl e TS DE CICED T INWE o M RN SR il
]
mmﬂﬁnw—rwm Bl STEDY CEOGT BN RN -TaN vt Bty saeth s oJSpierih

..-.. s
-y
L [

i v r £ o -
Pl .
sl o 7 ey mm-ﬂm““m&
A
=3 rk 5 by
1 . N K ]

t

R ol Haogr NTEY WO venm R T mmmﬂmhmﬂr

B, I HTEE. WO EETDE DA TESKY. Tl

ey =t L. FJLJ Eﬂ— " Dl b 'E i -E- ! .'... -
; )
: .

.....
" M ram = . TeE ) S i oo CENS G BR Sakes OHAEG

I
|
t
;
1.0 | -
7. ofF 300 . DUVUSUN %A SO
;

. Bl e G Bk WEce dole g

. o Bol- by sy S = Db gy e g oumd g e e sk OO S el e B




US 7,583,550 B2

1
SEMICONDUCTOR MEMORY DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a semiconductor memory
device and, more particularly, to a sense amplifier circuit
provided within a semiconductor memory device.

2. Description of the Related Arts

In recent years, semiconductor memory devices exempli-
fied by DRAMs (dynamic random access memories) have
been developed on the basis of the use of leading-edge semi-
conductor device manufacturing processes and the scaledown
ol semiconductor memory devices 1s being carried out. In
semiconductor memory devices, the size of a memory cell
region 1s changing in the direction of shrinkage due to the
ongoing scaledown in fabrication processes of the semicon-
ductor devices. However, the scaledown as viewed form the
standpoint of the whole semiconductor memory device has
not been going on compared to the scaledown in the memory
cell region and, for this reason, the shrinkage of the size of
circuits provided 1in what 1s called a peripheral region 1n a
semiconductor memory device has posed a new problem.
This problem 1s remarkable particularly 1n sense amplifiers.
In pushing forward with the scaledown of semiconductor
memory devices also 1n the future, 1t 1s necessary to make
contrivance 1n order to reduce a relative increase 1n the size of
a sense amplifier on a semiconductor chip.

In order to explain a sense amplifier provided within a
semiconductor memory device, a description will be given of
a semiconductor memory device of a related art provided with
a sense amplifier. FIG. 1 shows the configuration of a semi-

conductor memory device of a related art configured as a
DRAM.

This semiconductor memory device 1s provided with m
word lines 108-1 to 108-m, n sets of bit line pairs, word driver
101 that drives the word lines, data driver 102 that drives bit
lines, memory cell array 103, and sense amplifier circuit 110.
Each of the n bit line pairs includes bit lines 106-1 to 106-7 as
first bit lines and bit lines 107-1 to 107-» as second bit lines.
Sense amplifier circuit 110 1s provided with n sense amplifier
portions 110-1 to 110-7. The sense amplifier portion 1s pro-
vided for each bit line pair. Here, m and n are even numbers of
not less than 2. With sense amplifier portion 110-1 serving as
the first one and sense amplifier portion 111-# as the n-th one,
n sense amplifier portions 110-1 to 110-» are arranged 1n a
line from lett to right 1n the figure 1n this order. As will be
described later, n sense amplifier portions 110-1 to 110-7
share a gate electrode and a bit line potential supply line and,
therefore, these sense amplifier portions are arranged as one
group to form sense amplifier circuit 110.

Memory cell array 103 1s such that memory cells are pro-
vided 1n matrix form, and contains (mxn) memory cells 104
that are arranged 1n m rows and n columns.

This semiconductor memory 1s connected to an unillus-
trated CPU (central processing unit) and stores data required
by the CPU. And 1n the semiconductor memory device, dur-
ing a memory access operation, word driver 101 decodes
address signal ADDR as a row address from the CPU and
drives word line 108-;i (1=1, 2, . . . , m) selected from word
lines 108-1 to 108-m according to address signal ADDR.
When the word lines are driven by word driver 101, n sense
amplifier portions 110-1 to 110-» supply a bit line reference
potential to n bit line pairs (bit lines 106-1 to 106-» and bt
lines 107-1 to 107-n) and amplily the potential of the bit lines
up to the bit line reference potential. The memory access
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2

operation includes the data writing operation to the memory
cells and the data reading operation from the memory cells.

During a memory access operation, data driver 102
receives address signal ADDC as a column address from the
CPU. Data driver 102 decodes the address signal ADDC, and
drives the j-th (=1, 2, . . ., n) column selection line corre-
sponding to address signal ADDC among n column selection
lines. By the driving of the j-th column selection line, there
are selected sense amplifier portion 110-; that 1s selected from
n sense amplifier portions 110-1 to 110-7 and the bit line pair
(bit line 106-j, bit line 107-j) that 1s selected from n bit line
pairs (bit lines 106-1 to 106-», bit lines 107-1 to 107-n).
Selected sense amplifier portion 110-;j performs memory
access to memory cell 104 connected to selected word line
108-; and a selected bit line pair (bit line 106-j or bit line
107-7).

FIG. 2 shows the configuration of sense amplifier circuit
110 including n sense amplifier portions 110-1 to 110-7. All
of sense amplifier portions 110-1 to 110-» are of the same
clectrical configuration, and are provided with transistor
BLEQTr100, gate electrode 121, and bit line potential supply
line 122. Transistor BLEQ Tr100 includes transistors Tr101,
1r102 and Tr103. Gate electrode 121 1s formed to be common
to n sense amplifier portions 110-1 to 110-», that 1s, gate
clectrode 121 of n sense amplifier portions 110-1 to 110-7 1s
formed as one piece. Stmilarly, bit line potential supply line
122 1s also provided to be common to n sense amplifier
portions 110-1 to 110-7.

Transistors Tr101 of sense amplifier portions 110-1 to
110-7 connect bit lines 106-1 to 106-», respectively, to line
potential supply line 122. Transistors Tr102 of sense ampli-
fier portions 110-1 to 110-z connect bit lines 107-1 to 107-x,
respectively, to bit line potential supply line 122. Transistors
11103 of sense amplifier portions 110-1 to 110-» are nserted
between bit lines 106-1 to 106-7 and bit lines 107-1 to 107 -7,
respectively. The gates of transistors Tr101, Tr102, Tr103 of
sense amplifier portions 110-1 to 110-7 are commonly con-
nected to gate electrode 121. Gate electrode 121 and bit line
potential supply line 122 extend in a row direction with
respect to memory cell array 103, and sense amplifier por-
tions 110-1 to 110-» are connected 1n a row direction with
respect to memory cell array 103 from the first one to the last
one from left to right mn the figure 1 this order. Bit line
potential VBLP 1s supplied to bit line potential supply line
122 as the above-described bit line reference potential.

The timing chart of FIG. 3 shows the relationship between
a signal supplied to a word line and precharge signal
BLEQs1g. When a word line, 1.¢., selected word line 108-i 1s
not driven by word driver 101, precharge signal BLEQs1g 1s
supplied to gate electrode 121. That 1s, the signal level of
precharge signal BLEQsig 1s in an active state. At this time,
transistors Tr101 of sense amplifier portions 110-1 to 110-7
are each 1n an ON-state and supply bit line potential VBLP to
bit lines 106-1 to 106-7, transistors 1Tr102 are each 1n an
ON-state and supply bit line potential VBLP to bit lines 107-1
to 107-n, and transistors Tr103 are each 1n an ON-state and
equalize the potentials of bit lines 106-1 to 106-7 and of bat
lines 1076-1 to 107 -n.

When a word line 1s driven by word driver 101 during a
memory access operation, precharge signal BLEQs1g 1s not
supplied to gate electrode 121. That 1s, as shown 1n FIG. 3, the
signal level of precharge signal BLEQs1g changes from an
active state to an inactive state, and immediately thereatter the
word line 1s brought into an active state.

When the memory access operation 1s finished, the word
line comes to a nondriven state and precharge signal
BLEQs1g 1s supplied to gate electrode 121. That 1s, as shown
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in FIG. 3, the signal level of precharge signal BLEQsig
changes from an 1nactive state to an active state.

FIG. 4 shows the plan configuration of sense amplifier
circuit 110 having n sense amplifier portions 110-1 to 110-7.
In F1G. 4, however, the descriptions of an interlayer insulating
f1lm and an upper-level interconnect layer are omitted. In the
figure, the portions hatched with thin oblique solid lines indi-
cate gate electrodes 121, and the portions hatched with thick
oblique solid lines 1ndicate contacts 141 to 143 used for the
connection with bit lines.

Gate electrode 121 1s provided in the shape of the letter T
for each of sense amplifier portions 110-1 to 110-7. For each
of sense amplifier portions 110-1 to 110-7, gate electrode 121
contains row-direction gate electrode portion 121a that
extends 1n the row direction, 1.e., in the horizontal direction of
the figure and column-direction gate electrode portion 1215
that 1s connected perpendicularly to row-direction gate elec-
trode portion 121a.

Each of sense amplifier portions 110-1 to 110-7 1s further
provided with first bit line-connected active region 131, sec-
ond bit line-connected active region 132, contact region 133,
first bit line contact 141, second bit line contact 142, and bit
line potential supply contact 143. For each of sense amplifier
portions 110-1 to 110-7, first bit line contact 141 1s formed on
first bit line-connected active region 131 and connected to a
relevant one among bit lines 106-1 to 106-», second bit line
contact 142 1s formed on second bit line-connected active
region 132 and connected to a corresponding one among bit
lines 107-1 to 107-n, and bit line potential supply contact 143
1s provided 1n contact region 133 and connected to bit line
potential supply line 122.

For each of sense amplifier portions 110-1 to 110-7, tran-
sistor Tr101 1s provided between first bit line-connected
active region 131 and contact region 133, and the gate of
transistor Tr101 1s connected to row-direction gate electrode
portion 121a. Similarly, transistor Tr102 1s provided between
second bit line-connected active region 132 and contact
region 133, and the gate of transistor Tr102 i1s connected to
row-direction gate electrode portion 121a. Also, transistor
TR103 1s provided between first bit line-connected active
region 131 and second bit line-connected active region 132
and the gate of transistor TR103 1s connected to column-
direction gate electrode portion 1215. Concretely, transistors
Tr101, Tr102 are arranged 1n such a manner that the channel
regions thereof are positioned on the underside of row-direc-
tion gate electrode portion 121a via a gate insulating film.
Transistor Tr103 is arranged 1n such a manner that the channel
region thereol 1s positioned on the underside of column-
direction gate electrode portion 1215 via a gate msulating
{1lm.

Sense amplifier circuit 110 contains n/2 pieces of contact
regions 133, and each of contact regions 133 1s shared by
odd-number-th sense amplifier portions 110-1, 110-3, . . .,
110-(2-1) and even-number-th sense amplifier portions 110-
2,110-4, . . . , 110-» adjacent to the odd-number-th sense
amplifier portions on the right side thereotf in the figure. That
1s, h-th contact regions (h=1, 2, . . ., n/2) are shared by
(2h-1)-th sense amplifier portion and 2h-th sense amplifier
portion.

Now consideration 1s given to the size of an odd-number-th
sense amplifier portion and an even-number-th sense ampli-
fier portion that shares contact region 13 along with this
odd-number-th sense amplifier portion. Because all of the
odd-number-th sense amplifiers have the same shape and all
of the even-number sense amplifier portions have the same
shape, sense amplifier portions 110-1, 110-2 will be consid-
ered here.
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The length of sense amplifier portions 110-1, 110-2 1n the
row direction, 1.e., the horizontal direction 1n the figure 1s
denoted by X100. Length X100 1s a sum of row-direction
length X101 of sense amplifier portion 110-1, row-direction
length X102 of sense amplifier portion 110-2, and row-direc-
tion length X103 of bit line potential supply contact 143.
Here, 1t 1s assumed that length X101 and length X102 are

equal.

Sense amplifier portion 110-1 and sense amplifier portion
110-2 have the same column-direction length and this length
1s denoted by Y100. As shown in FIG. 4, length Y100 15 a sum
oflength Y101, length Y102, length Y103 and lengthY104. In
first bit line-connected active region 131 and second bit line-
connected active region 132, length Y101 indicates a column-
direction length of a region 1n which first bit line contact 141
and second bit line contact 142 are each arranged. Length
Y102 indicates a column-direction length of a region in which
first bit line-connected active region 131 and second bit line-
connected active region 132 overlap column-direction gate
clectrode portion 1215. Length Y102 1s a sum of column-
direction length Y102-1 of a part of column-direction gate
clectrode portion 1215 to which the gate of transistor Tr103 1s
connected and column-direction of length Y102-2 of a part
which 1s other than the portion corresponding to length Y102-
1. Length Y103 indicates the width of row-direction gate
clectrode portion 121a. Length Y104 indicates the column-
direction length of contact region 133.

In the semiconductor memory device of a related art shown
in FIGS. 1, 2 and 4, for example, there occurs the problem that
it 1s 1mpossible to reduce the column-direction size of sense
amplifier circuit 110 for the following reason.

First, transistor Tr103 1s arranged in column-direction gate
clectrode portion 1215. For this reason, above-described
lengths Y102-1, Y102-2 become necessary. Thus, transistor
Tr103 1s arranged 1n column-direction gate electrode portion
1215, and hence above-described length Y101 becomes nec-
essary because first bit line contact 141 and second bit line
contact 142 are respectively arranged 1n {first bit line-con-
nected active region 131 and second bit line-connected active
region 132 by just that much. Furthermore, above-described
length Y104 becomes necessary because bit line potential
supply contact 143 1s arranged 1n contact region 133.

Therefore, 1n order to reduce the size of a sense amplifier
circuit, 1t 1s necessary to reduce the size of transistor Tr103.

Examples of known techmiques for reducing the area of
memory cells and sense amplifiers on a chip in a semicon-
ductor memory device and techniques for improving the char-
acteristics of sense amplifiers are as follows.

JP-A-2000-022108 discloses a semiconductor memory
device that permits a reduction of the total parasitic capaci-
tance of input and output lines and a reduction of the area of
sense amplifier drivers on a semiconductor chip. This semi-
conductor memory device 1s provided with a memory cell
array region, a sense amplifier region and a subword driver
region and a cross region of the sense amplifier region and the
subword driver region. The sense amplifier region and the
subword driver regions are arranged adjacent the memory cell
region. A switch MOS transistor between an main nput/
output line and a local mput/output line 1s arranged in the
above-described cross region, a folded gate MOS transistor 1s
used 1n this switch MOS transistor, an inner diffusion layer to
a folded gate 1s connected to the main/output line whereas an
outer diffusion layer 1s connected to the local input/output
line, whereby 1t 1s possible to reduce the total parasitic capaci-
tance of the input/output lines and 1t 1s possible to reduce the
area of sense amplifiers.
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US 2003/0173593A1 discloses a semiconductor memory
device capable of high-speed reading and of reducing the area
of memory cells. This semiconductor memory device 1s pro-
vided with a plurality of folded bit line pairs arranged parallel
to each other, a plurality of word lines orthogonal to the
plurality of bit line pairs, and dynamic memory cells that are
arranged 1n matrix shape in positions corresponding to points
ol 1intersection of the multiple bit line pairs and the multiple
word lines. Fach dynamic memory cell 1s provided with one
transistor and one capacitor. In this semiconductor memory
device, one electrode of a capacitor of each memory cell,
together with one electrode of each of other multiple capaci-
tors arranged 1n matrix shape, 1s connected to a common
clectrode, the other electrode of the capacitor 1s connected to
a source electrode of a transistor, a drain electrode of the
transistor 1s connected to a bit line pair, and a gate electrode of
the transistor 1s connected to a word line. If half of the pitch of
word lines 1s denoted by F, the pitch of the bit lines of a bit line
pair 1s larger than 2F and smaller than 4F.

US 2005/0270819A1 discloses a semiconductor memory

device that has a sense amplifier constituted by a pair transis-
tor and enables the sense amplifier area to be reduced without
a deterioration 1n the characteristics of the pair transistor. In
this semiconductor memory device, a pair transistor having a
prescribed function 1s arrayed by being repeated a plurality of
times. Transistors adjacent to each other in the row direction
are regarded as a pair transistor and this pair transistor 1s
provided 1n quantities ol multiple sets. Transistors whose
arrangement relation 1s an oblique direction are regarded as a
pair transistor and this pair transistor 1s further provided in
quantities ol multiple sets. These pair transistors are arrayed
in multiple pairs, whereby the pair transistor groups are
formed so that the sense amplifier area can be reduced.

US 2004/0026739 discloses a semiconductor device 1n
which a DRAM region and a high-speed CMOC logic region
are arranged 1n a mixed manner, and the sensitivity of sense
amplifiers 1s increased 1n this semiconductor device. In this
semiconductor device, a gate electrode pair of an N-type
sense amplifier transistor and a gate electrode pair of a P-type
sense amplifier transistor that constitute a CMOS sense
amplifier of a DRAM are each arranged parallel within one
active region 1in the same direction as bit lines, and an adjacent
N-type sense amplifier transistor pair and an adjacent P-type
sense amplifier transistor pair are 1solated and separated by an
clement 1solating region.

U.S. Pat. No. 5,389,810 discloses a semiconductor device
whose layout size can be shrunk when it 1s applied to a sense
amplifier. This semiconductor device 1s provided with a semi-
conductor layer having a top surface, an active region formed
on the top surface of the semiconductor layer, an 1solation
region that 1s formed on the top surface of the semiconductor
layer and encloses the active region, and a pair of MOSFETs
formed 1n the active region. The pair of MOSFETSs has a
structure that 1s symmetrical with respect to a first symmetric
plane substantially perpendicular to the top surface of the
semiconductor layer and also symmetrical with respect to a
second symmetric plane perpendicular to both the top surface
of the semiconductor layer and the first symmetric plane.
Each of the MOSFETSs has a source region, a drain region and
a channel region that are formed on a surface of the active
region. The source region 1s formed to be common to the pair
of MOSFETSs, and each of the drain regions 1s separated from
the source region by each of the channel regions.

As described above, some techniques capable of reducing
the size of a sense amplifier circuit on a chip have been
proposed. However, these techniques have the problems that
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the interconnect layout on a chip becomes complicated and
that there 1s room for a further shrinkage of area.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a sense
amplifier circuit that 1s used 1n a semiconductor memory
device and whose size can be reduced.

Another object of the present invention 1s to provide a
semiconductor memory device in which the size of a sense
amplifier circuit 1s reduced.

According to a first aspect of the present invention, there 1s
provided a sense amplifier circuit having a plurality of sense
amplifier portions arranged 1n order, 1n which each of the
plurality of sense amplifier portions comprises: a bit line
potential supply line to which a bit line potential 1s supplied;
a transistor that 1s connected to the bit line potential supply
line and 1s turned on when the signal level of a precharge
signal 1s 1n an active state, thereby to supply the bit line
potential to a bit line pair 1n a corresponding column of a
memory cell array; and a gate electrode for supplying the
precharge signal to a gate of the transistor. In this sense
amplifier circuit, the gate electrode of the plurality of sense
amplifier portions 1s provided as one piece as a whole and
extends i a direction parallel to a row direction 1n the
memory cell array, and a gate-clectrode portion i1s ring-
shaped. The gate electrode portion being a connected portion
between the gate electrode 1n a k-th sense amplifier portion
among the plurality of sense amplifier portions and the gate
clectrode 1n a (k+1)-th sense amplifier portion, where k 1s an
odd number.

According to a second aspect of the present invention, there
1s provided a semiconductor memory device that comprises:
a memory cell array 1n which memory cells are provided 1n
matrix form; a plurality of word lines respectively connected
to a plurality of rows of the memory cell array; a plurality of
bit line pairs respectively connected to the plurality of col-
umns ol the memory cell array; a word driver that drives a
word line selected from the plurality of word lines according
to a row address during a memory access operation; and a
plurality of sense amplifier portions that are arranged 1n order
and supply a bit line potential to the plurality of bit line pairs
during a memory access operation. In this semiconductor
memory device, each of the plurality of sense amplifier por-
tions comprises: a bit line potential supply line to which the
bit line potential 1s supplied; a transistor that 1s connected to
the bit line potential supply line and 1s turned on when the
signal level of a precharge signal 1s 1n an active state, thereby
to supply the bit line potential to the bit line pair 1n a corre-
sponding column of the memory cell array; and a gate elec-
trode for supplying the precharge signal to a gate of the
transistor. In this semiconductor memory device, the gate
clectrode of the plurality of sense amplifier portions 1s pro-
vided as one piece as a whole and extends in a direction
parallel to a row direction in the memory cell array, and a
gate-electrode portion 1s ring-shaped. The gate electrode por-
tion being a connected portion between the gate electrode in
a k-th sense amplifier portion among the plurality of sense
amplifier portions and the gate electrode i a (k+1)-th sense
amplifier portion, k being an odd number.

According to the present invention, 1t 1s possible to reduce
the size of the gate electrode and it 1s possible to make rational
the arrangement of each element within the sense amplifier
portion, with the result that 1t 1s possible to reduce the size of
the sense amplifier on a semiconductor chip.

The above and other objects, features, and advantages of
the present invention will become apparent from the follow-
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ing description based on the accompanying drawings which
illustrate examples of preferred embodiments of the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing the configuration of a
semiconductor memory device configured as a DRAM 1n a
related art;

FI1G. 2 1s a circuit diagram showing the configuration of a
sense amplifier 1n the semiconductor memory device shown
in FIG. 1;

FIG. 3 1s a timing chart showing a relationship between a
signal supplied to a word line and precharge signal BLEQsig;

FI1G. 4 15 a plan view showing the arrangement of a plural-
ity of sense amplifier portions 1n a sense amplifier circuit 1n
the semiconductor memory device shown in FIG. 1;

FIG. 5 1s a block diagram showing the configuration of a
semiconductor memory device in an exemplary embodiment
ol the present invention configured as a DRAM;

FIG. 6 1s a circuit diagram showing the configuration of a
sense amplifier circuit 1n the semiconductor memory device
shown 1n FIG. §; and

FI1G. 7 1s a plan view showing the arrangement of a plural-
ity of sense amplifier portions in the sense amplifier circuit

shown 1n FIG. S.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS OF THE
INVENTION

A semiconductor memory device 1n an exemplary embodi-
ment of the present mvention 1s provided with at least a
memory cell and a sense amplifier for reading date from the
memory cell, and 1s a semiconductor memory device, such as
a DRAM, an SRAM (static random access memory), a flash
memory and the like. A semiconductor memory device of this
exemplary embodiment 1s installed in a computer provided
with a CPU and a clock generation circuit. Although the
tollowing description will be given on the assumption that the
semiconductor memory device 1s a DRAM, it 1s needless to
say that the present ivention can be applied also to a semi-
conductor memory device other than a DRAM.

FIG. 5 shows the configuration of a semiconductor
memory device of this embodiment. This semiconductor
memory device 1s provided with m word lines 8-1 to 8-#2, mb
redundancy word lines 85-1 to 8b-mb, n sets of bit line pairs,
word driver 1 that drives the word lines and the redundancy
word lines, data driver 2 that drives the bit lines, memory cell
array 3, and sense amplifier circuit 110. The n bit line pairs
respectively includes bit lines 6-1 to 6-7 as first bit lines and
bit lines 7-1 to 7-n as second bit lines. Sense amplifier circuit
10 1s provided with n sense amplifier portions 10-1 to 10-z.
The sense amplifier portion 1s provided for each bit line pair.
Here, m, mb and n are all even numbers of not less than 2.

Memory cell array 3 1s a region in which a plurality of
memory cells are arranged 1n matrix form, and this region 1s
broadly divided into ordinary memory cell region 3A and
redundancy memory cell region 3B. In ordinary memory cell
region 3A, there are provided (mxn) memory cells 4 that are
arranged 1n m rows and n columns. On the other hand, 1n the
redundancy memory cell region, there are provided (mbxn)
redundancy memory cells 5 that are arranged in mb rows and
n columns.

Each of memory cells 4 contains a transistor and a capaci-
tor to which a source of the transistor 1s connected. Memory
cells 4 are arranged as a matrix in m rows and n columns. For
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cach row, a corresponding one among m word lines 8-1 to 8-m
1s connected to the gates of transistors of memory cells 4
belonging to the row. Similarly, for each column, a corre-
sponding pair among n bit line pairs 1s connected to the drains
ol transistors of memory cells 4 belonging to the column.
Concretely, odd-number-th bit lines 6-1, 6-3, . . ., 6-(n—1)
among the first bit lines are connected to the drains of tran-
sistors of memory cells 4 1n odd-number-th rows and odd-
number-th columns. Odd-number-th bit lines 7-1, 7-3, . . .,
7-(n—1) among the second bit lines are connected to the drains
of transistors of memory cells 4 in even-number-th rows and
odd-number-th columns. Even-number-th bit lines 7-2,
7-4, ..., 7-n among the second bit lines are connected to the

drains of transistors of memory cells 4 1n odd-number-th rows
and even-number-th columns. Even-number-th bit lines 6-2,

6-4, . . ., 6-n among the first bit lines are connected to the

drains of transistors of memory cells 4 1n even number-th
rows and even-number-th columns.

Similarly, each of redundancy memory cells 5 contains a
transistor and a capacitor to which a source of the transistor 1s
connected. As described above, redundancy memory cells 5
are arranged as a matrix in mb rows and n columns. For each
row, a corresponding one among mb redundancy word lines
86-1 to 8b-mb 1s connected to the gates of transistors of
redundancy memory cells 5 belonging to the row. For each
column, a corresponding pair among n bit line pairs 1s con-
nected to the drains of transistors of redundancy memory cells
5 belonging to the column. Concretely, 1n the same manner as
with the above-described case, the drains of redundancy bit
cells 5 1n odd-number-th columns and odd-number-th rows
are connected to first bit lines 6-1, 6-3, . . . of odd-number-th
bit line pairs. The drains of redundancy bit cells 5 1n odd-
number-th columns and even-number-th rows are connected
to second bitlines 7-1, 7-3, . . . of odd-number-th bit line pairs.
The drains of redundancy bit cells 5 1n even-number-th col-
umns and odd-number-th rows are connected to first bit lines
6-2, 6-4, . . . of even-number-th bit line pairs. The drains of
redundancy bit cells 5 in odd-number-th rows are connected
to second bit lines 7-2, 7-4, . . . of even-number-th and even-
number-th bit line pairs.

Word driver 1 operates in synchronization with an internal
clock signal (not shown). Word lines 8-1 to 8-m and redun-
dancy word lines 85-1 to 86-mb are connected to word driver
1. Word driver 1 has address replacement registration unit9 in
preparation for a case where 1t has been detected that a word
line fails or a memory cell connected to a word line fails, a
redundancy word line can be used 1n place of the failed word
line. The address replacement registration unit 9 has the func-
tion of allocating a row address corresponding to a word line
whose failure has been detected to a row address correspond-
ing to a redundancy word line used as a substitute, and stores
an original row address and a substituted address as informa-
tion. The original row address corresponds to a word line
connected to memory cells 4 1n which there 1s a possibility of
occurrence of a multibit error. The substituted row address
corresponds to a redundancy word line connected to redun-
dancy memory cells 3.

Data driver 2 operates 1n synchronization with the internal
clock signal (not shown). To data driver 2, n bit line pairs (bit
lines 6-1 to 6-r, bit lines 7-1 to 7-») an n column selection
lines (not shown) are connected. Because both memory cells
4 and redundancy memory cells 5 are arranged 1n n columuns,
to memory cells 4 and redundancy memory cells 5 belonging
to the same column are commonly connected column selec-
tion lines of this column. These n column selection lines
correspond to column addresses.
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Sense amplifier circuit 10 1s provided with a total ofn sense
amplifier portions 10-1 to 10-2 provided for each bit line patr.
Respectively, n bit line pairs (bit lines 6-1 to 6-, bit lines 7-1
to 7-r) and n column selection lines are connected to these n
sense amplifier portions 10-1 to 10-7.

Now the address changing operation by address replace-
ment registration unit 9 will be described.

It 1s assumed here that first word line 8-1 has failed. Word
driver 1 registers a row address corresponding to first word
line 8-1 1n address replacement registration unit 9 in accor-
dance with an address change istruction. By referring to
address replacement registration unit 9, word driver 1 deter-
mines one redundancy word line (a first redundancy word
line) that can be used and 1s to correspond to word lone 8-1
among redundancy word lines 85-1 to 8b-mb. Word driver 1
registers, 1n address replacement registration unit 9, a row
address corresponding the determined first redundancy word
line as a substituted row address by relating this row address
to the row address of the first word line registered in the
address replacement registration unit 9. The changeover from
the original row address to the substituted row address, 1.¢.,
the changeover from memory cell 4 connected to first word
line 8-1 to redundancy memory cell 5 connected to the first
redundancy word line, 1s performed, for example, during a
refresh operation.

During a memory access operation, word driver 1 receives
row address ADDR from the CPU as an input and makes a
judgment as to whether or not the row address ADDR and the
row address registered in address replacement registration
unit 9 are 1dentical. This judgment 1s referred to as an address
replacement acceptability judgment. The memory access
operation mentioned here includes a write operation, a read
operation, a refresh operation and the like. When the row
addresses are not 1dentical in the address replacement accept-
ability judgment, word driver 1 decodes row address ADDR,
selects word line 8-i (1=1, 2, . . . , m) corresponding to row
address ADDR among word lines 8-1 to 8-m, and drives this
word line. On the other hand, when the row addresses are
identical 1n the address replace acceptability judgment, word
driver 1 decodes the substituted row address corresponding to
the identical row addresses as address ADD, selects redun-
dancy word line 8-ib (1ib=1, 2, . . . , mb) corresponding to row
address ADD among redundancy word lines 85-1 to 8b-mb,
and drives this redundancy word line. When a word line 1s
driven by word driver 1, n sense amplifier portions 10-1 to
10-n supply the bit line reference potential as an electric
potential to n bit line pairs (bit lines 6-1 to 6-7, bit lines 7-1 to
7-n), and amplity the potential of the bit lines to the bit line
reference potential.

During a memory access operation, a column address
ADDC from the CPU 1s supplied to data driver 2. Data driver
2 decodes the column address ADDC, selects a j-th
(1=1, 2, ...,n)column selection line corresponding to column
address ADDC, and drives this column selection line.
Because the j-th column selection line 1s driven, 1t follows that
1-th sense amplifier portion 10-; among n sense amplifier
portions 10-1 to 10-7 and the j-th bit line pair (bit line 6-7, bit
line 7-7) among n bit line pairs are selected. Selected sense
amplifier portion 10-j performs memory access to memory
cell 4 connected to selected word line 8-i and the selected bit
line pair (bit line 6-; or bit line 7-j7). Alternatively, selected
sense amplifier portion 10-j performs memory access to
redundancy memory cell 5 connected to selected redundancy
word line 85-ib and the selected bit line pair (bit line 6-/ or bit
line 7-7).

In a case where the 1-th column selection line 1s driven by
data driver 2 when a write operation 1s performed as a
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memory operation, selected sense amplifier portion 10-; out-
puts data from an 1nternal circuit of the computer (not shown)
as write data to the selected bit line pair (bit line 6-7, bit line
7-7). When row addresses are not identical in the above-
described address replacement acceptability judgment, write
data 1s written 1n memory cell 4 connected to selected word
line 8-i and the selected bit line pair (bit line 6-7 or bit line 7-7).
On the other hand, when row addresses are i1dentical in the
address replacement acceptability judgment, the replacement
of column addresses 1s performed and write data 1s written 1n
redundancy memory cell 5 connected to selected redundancy
word line 86-ib and the selected bit line pair (bit line 6-j or bit
line 7-7).

In a case where the 1-th column selection line 1s driven by
data driver 2 when a read operation 1s performed as a memory
access operation, and besides when the row addresses are not
identical 1n the above-described address replacement accept-
ability judgment, data 1s read from memory cell 4 connected
to selected word line 8-i and the selected bit line pair (bit line
6-j or bit line 7-j) and output as read data to an internal circuit
of the computer (not shown) via sense amplifier portion 10-;.
On the other hand, when row addresses are identical in the
address replacement acceptability judgment, data 1s read
from redundancy memory cell 5 connected to selected redun-
dancy word line 85-1b and the selected bit line pair (bit line 6-f
or bit line 7-j). This data 1s supplied as read data to an internal
circuit of the computer (not shown) via sense amplifier por-
tion 10-.

Next, the configuration of sense amplifier circuit 10 1n this
exemplary embodiment will be described. FIG. 6 shows the
configuration of the sense amplifier circuit having n sense
amplifier portions 10-1 to 10-z. All of sense amplifier por-
tions 10-1 to 10-7 are of the same electrical configuration, and
are provided with transistor BLEQ 'Ir, gate electrode 21, and
bit line potential supply line 22 as with the sense amplifier
circuit shown in FI1G. 2. Transistor BLEQ Trincludes Trl, Tr2
and Tr3. Gate electrode 21 1s formed to be common to n sense
amplifier portions 10-1 to 10-7, that 1s, gate electrode 21 of n
sense amplifier portions 10-1 to 10-71s formed as one piece as
a whole. Similarly, bit line potential supply line 22 1s also
provided to be common to n sense amplifier portions 10-1 to
10-7.

Transistors Trl to Tr3 1n sense amplifier portions 10-1 to
10-2 will be described. Transistors Trl respectively connect
bit lines 6-1 to 6-» to bit line potential supply line 22. Tran-
sistors Tr2 respectively connect bit lines 7-1 to 7-» to bit line
potential supply line 22. Transistors 1r3 are respectively
inserted between bit lines 6-1 to 6-7 and bit lines 7-1 to 7-x. In
cach of sense amplifier portions 10-1 to 10-7, the gates of
transistors 1rl, Tr2, Tr3 are connected to gate electrode 21.
Gate electrode 21 and bit line potential supply line 22 extend
in a row direction with respect to memory cell array 3, and
sense amplifier portions 10-1 to 10-» from the first one to the
n-th one are connected 1n a row direction with respect to
memory cell array 103 from left to right in the figure 1n this
order. Bit line potential VBLP 1s supplied to bit line potential
supply line 22 as the above-described bit line reference poten-
tial.

Therelationship between a signal supplied to a word line or
a redundancy word line and precharge signal BLEQs1g 1s as
shown 1n FIG. 3 above. When a word line, 1.e., selected word
line 8-i or a redundancy world line 85-ib 1s not driven by word
driver 1, precharge signal BLEQsig 1s supplied to gate elec-
trode 21, and the signal level of precharge signal BLEQsig 1s
1n an active state. At this time, all transistors Trl, Tr2 of each
of sense amplifier portions are 1n an ON-state and supply bit
line potential VBLP to bit lines 6-1 to 6-7 and second bit lines
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7-1 to 7-n of each bit line pair. Transistors 1r3 are each also 1n
an ON-state and equalize the potentials of bit lines 6-1 to 6-7
and the potentials of bit lines 7-1 to 7-» 1n each bit line parr.

When a word line 1s driven by word driver 1 during a
memory access operation, precharge signal BLEQs1g 1s not
supplied to gate electrode 21. That 1s, as shown 1n FIG. 3, the
signal level of precharge signal BLEQs1g changes from an
active state to an 1nactive state, and immediately thereatter the
word line 1s brought mto an active state.

When a memory access operation such as data write opera-
tion and data read operation 1s finished, the word line comes
to a nondriven state and precharge signal BLEQsig 1s sup-
plied to gate electrode 21 and the signal level of precharge
signal BLEQsig changes from an inactive state to an active
state.

Next, the geometrical configuration of the sense amplifier
circuit 1n this exemplary embodiment will be described. FIG.
7 shows the plan configuration of sense amplifier circuit 10
having n sense amplifier portions 10-1 to 10-». In FIG. 7,
however, the descriptions of an interlayer insulating film and
an upper-level interconnect layer are omitted. In the figure,
the portions hatched with thin solid oblique lines indicate gate
clectrode 21, and the portions hatched with thick oblique
solid lines indicate contacts 41 to 43 used for the connection
with bit lines.

In this exemplary embodiment, gate electrode portion 21a,
which 1s a connected portion between gate electrode 21 in
odd-number-th sense amplifier portions 10-1, 10-3,
10-(2—1) among sense amplifier portions 10-1 to 10-?:: and
gate electrode 21 in even-number-th sense amplifier portions
10-2, 10-4, . . ., 10-» adjacent to the odd-number-th sense
amplifier portions on the right side thereof, 1s formed 1n a
ring-shape. Examples of shapes of “ring-shaped™ gate elec-
trode portion described here include an annulus ring, an oval
ring and shapes formed along the sides of a polygon.
Examples of a polygon include a triangle, a quadrangle, a
hexagon and an octagon. In the figure, a gate electrode portion
21a having a shape formed along the sides of a polygon 1s
provided.

In other words, 1n a region where a k-th sense amplifier
portion 10-% and a (k+1)-th sense amplifier portion 10-(4+1)
are 1n contact with each other, k being any positive odd
number of less than n, gate electrode 21 1s formed 1n ring
shape so as to straddle these two sense amplifier portions 10-%
and 10-(4+1).

For each of sense amplifier portions 10-1 and 10-7, gate
clectrode 21 comprises above-described ring-shaped elec-
trode portion 21a and row-direction gate electrode 215 other
than electrode portion 21a. Row-direction electrode portion
21 1s a portion extending 1n a direction parallel to the row
direction 1n memory cell array 3. Particularly, 1n the case of
the semiconductor memory device of this exemplary embodi-
ment, 1f k 1s an odd number of not less than 3, then it follows
that a (k—1)-th sense amplifier portion 10-(4-1) 1s arranged
adjacent to a k-th sense amplifier portion 10-% on the left side
thereot 1n the figure so as to be in contact therewith. Between
these sense amplifier portions 10-(A-1) and 10-%, the gate
clectrode 1s mutually connected by row-direction electrode
portion 215.

Each of sense amplifier portions 10-1 to 10-7 1s further
provided with first bit line-connected active region 31, second
bit line-connected active region 32, contact region 33, first bit
line contact 41, second bit line contact 42, and bit line poten-
tial supply contact43. In each of sense amplifier portions, first
bit line contact 41 1s formed on first bit line-connected active
region 31 and connected to a corresponding one among first
bit lines 6-1 to 6-n. Second bit line contact 42 1s formed on
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second bit line-connected active region 32 and connected to a
corresponding one among second bit lines 7-1 to 7-x. Bit line
potential supply contact 43 1s provided 1n contact region 33
and connected to bit line potential supply line 22.

In each of sense amplifier portions 10-1 to 10-7, transistor
Trl 1s provided between first bit line-connected active region
31 and contact region 33, and the gate of transistor Trl 1s
connected to ring-shaped gate electrode portion 21a. Transis-
tor Tr2 1s provided between second bit line-connected active
region 32 and contact region 33, and the gate of transistor Tr2
1s connected to ring-shaped gate electrode portion 21a. Tran-
sistor TR3 1s provided between first bit line-connected active
region 31 and second bit line-connected active region 32 and
the gate of transistor TR3 1s connected to row-direction gate
clectrode portion 215. Concretely, transistors Trl, Tr2 are
arranged 1n such a manner that the channel regions thereot are
positioned on the underside of ring-shaped gate electrode
portion 21a via a gate insulating film. Transistor Tr3 1s
arranged 1n such a manner that the channel region thereof 1s
positioned on the underside of column-direction gate elec-
trode portion 215 via a gate isulating film.

In this exemplary embodiment, sense amplifier circuit 10
contains a total of n/2 contact regions 33, and each of contact
regions 33 1s shared by odd-number-th sense amplifier por-
tions 10-1, 10-3, . . ., 10-(»-1) and even-number-th sense
amplifier portions 10-2, 104, . . . , 10-» adjacent to the
odd-number-th sense amplifier portions on the right side
thereof 1n the figure. That 1s, h-th contact regions 33 (h=1, 2,
... ,1n/2) are shared by the (2h-1) -th sense amplifier portion
10-(2Zh-1) and the 2h-th sense amplifier portion 10-2/. Fur-
thermore, h-th contact region 33 1s provided so as to be
enclosed by ring-shaped electrode portion 214 that 1s formed
to straddle sense amplifier portions 10-(2h-1) and 10-2/.
Concretely, because ring-shaped electrode portion 21a has a
structure having a center opening, contact region 33 1s
arranged within this center opening.

Next, consideration 1s given to the size of a k-th sense
amplifier portion, k being a positive odd number of less than
n, and of a (k+1)-th sense amplifier portion adjacent to this
k-th sense amplifier portion. As described above, these sense
amplifier portions share contact region 33, and ring-shaped
clectrode portion 21a 1s formed so as to straddle these sense
amplifier portions. Because all of the odd-number-th sense
amplifiers have the same shape and all of the even-number
sense amplifier portions have the same shape, sense amplifier
portions 10-1, 10-2 shown 1n FI1G. 7 are to be considered here.

The length of sense amplifier portions 10-1, 10-2 in the row
direction, 1.e., the horizontal direction of the figure 1s denoted
by X. Length X 1s a sum of row-direction length X1 of sense
amplifier portion 10-1, row-direction length X2 of sense
amplifier portion 10-2, row-direction length X3 of bit line
potential supply contact 43. Here, it 1s supposed that length
X1 and length X2 are equal.

Sense amplifier portion 10-1 and sense amplifier portion
10-2 have the same column-direction length and this length 1s
denoted by Y. Length Y 15 a sum of length Y1, length Y2 and
length Y3. Y1 indicates a column-direction length of a region
in which first bit line contact 41 1s arranged 1n {irst bit line-
connected active region 31. Length Y2 indicates the width of
column-direction gate electrode portion 215. Length Y3 indi-
cates the column-direction length of the area of second bit
line-connected active region 32 1n which second bit line con-
tact 42 1s arranged. This length Y 1s larger than column-
direction length Ya of ring-shaped gate electrode portion 21a.

In the above-described semiconductor memory device of
this exemplary embodiment, it 1s possible to reduce the size of
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sense amplifier circuit 10, for example, 1n the row direction
for the reason described below.

First, in each of sense amplifier portions 10-1 to 10-z,
transistor Tr3 1s arranged 1n row-direction gate electrode por-
tion 215. For this reason, length Y102-1 and length Y102-2 1n
the semiconductor memory device shown in FIG. 4 become
unnecessary. Transistors Trl, Tr2 are arranged 1n ring-shaped
gate electrode portion 21a, and 1t 1s possible to effectively
utilize first bit line-connected active region 31 and second bit
line-connected active region 32.

Furthermore, because transistors Trl, Tr2 are arranged in
ring-shaped gate electrode portion 21a, it 1s possible to
arrange first bit line contact 41 and second bit line contact 42
respectively 1n first bit line-connected active region 31 and
second bit line-connected active region 32 by just that much.
For this reason, length Y101 1n FIG. 4 becomes unnecessary.
Also, because transistors 1rl, 1r2 are arranged in ring-shaped
gate electrode portion 21a, 1t 1s possible to arrange bit line
potential supply contact 43 1n contact region 33 by just that
much. It follows that contact region 33 1s enclosed by ring-
shaped gate electrode portion 21a, and hence length Y104 1n
FIG. 4 becomes unnecessary.

When 1t 1s assumed that X 1n FIG. 7 1s equal to length X100
in FI1G. 4, that length Y 1s almost equal to length Ya, and that
length Ya 1s almost equal to length Y102 and Y103 1n FIG. 4,
in the semiconductor memory device of this exemplary
embodiment, the size of the sense amplifier portions 1is
reduced by length Y101 and Y104 compared to the semicon-
ductor memory device shown 1n FIG. 4. Thus, according to
the semiconductor memory device of this exemplary embodi-
ment, 1t 1s possible to reduce the size of the sense amplifier
portions.

Incidentally, for the arrangement of the first and second bit
lines 1n a bit line pair, first bit lines 6-1 to 6-»z and second bit
lines 7-1 to 7-» may be replaced with each other. For first bit
line contact 41 and second bit line contact 42, their positions
on the same diffusion layer may be changed 1n consideration
ol the ease with which interconnects are connected in an
upper layer.

While exemplary embodiments of the present invention
have been described using specific terms, such description 1s
for illustrative purposes only, and 1t 1s to be understood that
changes and variations may be made without departing from
the spirit or scope of the following claims.

What 1s claimed 1s:

1. A sense amplifier circuit having a plurality of sense
amplifier portions arranged in order,

wherein each of the plurality of sense amplifier portions
COMprises:

a bit line potential supply line to which a bit line potential
1s supplied;

a transistor that 1s connected to the bit line potential supply
line and 1s turned on when a signal level of a precharge
signal 1s 1n an active state, thereby to supply the bit line

potential to a bit line pair 1n a corresponding column of
a memory cell array; and

a gate electrode for supplying the precharge signal to a gate
of the transistor:;

wherein the gate electrode of the plurality of sense ampli-
fier portions 1s provided as one piece as a whole and
extends 1n a direction parallel to a row direction in the
memory cell array, and

wherein a gate-electrode portion 1s ring-shaped, said gate
clectrode portion being a connected portion between the
gate electrode 1n a k-th sense amplifier portion among
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the plurality of sense amplifier portions and the gate
clectrode 1n a (k+1)-th sense amplifier portion, k being
an odd number.
2. The sense amplifier circuit according to claim 1,
wherein the gate electrode 1includes, for each of the sense
amplifier portions, the ring-shaped gate electrode por-
tion and a row-direction gate electrode portion other

than the ring-shaped gate electrode portion, and
wherein the transistor includes:

a {irst transistor connecting a {irst bit line of the bit line pair
to the bit line potential supply line, a gate of said first
transistor being connected to the ring-shaped gate elec-
trode portion;

a second transistor connecting a second bit line of the bit
line pair to the bit line potential supply line, a gate of said
second transistor being connected to the ring-shaped
gate electrode portion; and

a third transistor inserted between the first bit line and the
second bit line, a gate of said third transistor beings
connected to the row-direction gate electrode portion.

3. The sense amplifier circuit according to claim 2,

wherein each of the plurality of sense amplifier portions
COMPrises:

a first bit line-connected active region to which the first bit
line 1s connected;

a second bit line-connected active region to which the
second bit line 1s connected; and

a contact region 1n which the bit line potential supply line
1s arranged,

wherein the first transistor 1s provided between the first bat
line-connected active region and the contact region;

wherein the second transistor 1s provided the second bit
line-connected active region and the contact region;

wherein the third transistor 1s provided between the first bat
line-connected active region and the second bit line-
connected active region; and

wherein the contact region i1s shared by the k-th sense
amplifier portion and the (k+1)-th sense amplifier por-
tion and enclosed by the ring-shaped gate electrode por-
tion.

4. The sense amplifier circuit according to claim 3, wherein

cach of the plurality of sense amplifier portions comprises:

a first bit line contact which 1s formed on the first bit
line-connected active region and to which the first bat
line 1s connected;

a second bit line contact which 1s formed on the second bit
line-connected active region and to which the second bit
line 1s connected; and

a bit line potential supply contact which 1s provided on the
contact region and to which the bit line potential supply
line 1s connected.

5. A semiconductor memory device, comprising:

a memory cell array in which memory cells are provided in
matrix form;

a plurality of word lines respectively connected to a plu-
rality of rows of the memory cell array;

a plurality of bit line pairs respectively connected to the
plurality of columns of the memory cell array;

a word driver that drives a word line selected from the
plurality of word lines according to a row address during
a memory access operation; and

a plurality of sense amplifier portions that are arranged 1n
order and supply a bit line potential to the plurality of bit
line pairs during a memory access operation;

wherein each of the plurality of sense amplifier portions
COMprises:
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a bit line potential supply line to which the bit line potential
1s supplied;

a transistor that 1s connected to the bit line potential supply
line and 1s turned on when a signal level of a precharge
signal 1s 1n an active state, thereby to supply the bit line
potential to the bit line pair 1n a corresponding column of
the memory cell array; and

a gate electrode for supplying the precharge signal to a gate
of the transistor:;

wherein the gate electrode of the plurality of sense ampli-
fier portions 1s provided as one piece as a whole and
extends 1n a direction parallel to a row direction in the
memory cell array, and

wherein a gate-electrode portion 1s ring-shaped, said gate
clectrode portion being a connected portion between the
gate electrode 1n a k-th sense amplifier portion among
the plurality of sense amplifier portions and the gate
clectrode 1n a (k+1)-th sense amplifier portion, k being
an odd number.

6. The semiconductor memory device according to claim 5,

wherein a sense amplifier portion selected from the plural-
ity of sense amplifier portions according to arow address
performs memory access to a memory cell connected to
the bit line pair corresponding to the row address among,
the plurality of bit line pairs and the selected word line.

7. The semiconductor memory device according to claim 5,

wherein the gate electrode includes, for each of the sense
amplifier portions, the ring-shaped gate electrode por-
tion and a row-direction gate electrode portion other
than the ring-shaped gate electrode portion, and

wherein the transistor includes:

a first transistor connecting a first bit line of the bit line pair
to the bit line potential supply line, a gate of said first
transistor being connected to the ring-shaped gate elec-
trode portion;

a second transistor connecting a second bit line of the bit
line pair to the bit line potential supply line, a gate of said
second transistor being connected to the ring-shaped
gate electrode portion; and

5

10

15

20

25

30

35

16

a third transistor inserted between the first bit line and the
second bit line, a gate of said third transistor beings
connected to the row-direction gate electrode portion.

8. The semiconductor memory device according to claim 7,
wherein each of the plurality of sense amplifier portions
COMprises:

a first bit line-connected active region to which the first bit
line 1s connected;

a second bit line-connected active region to which the
second bit line 1s connected; and

a contact region 1n which the bit line potential supply line
1s arranged,

wherein the first transistor 1s provided between the first bat
line-connected active region and the contact region;

wherein the second transistor 1s provided the second bit
line-connected active region and the contact region;

wherein the third transistor 1s provided between the first bat
line-connected active region and the second bit line-
connected active region; and

wherein the contact region i1s shared by the k-th sense
amplifier portion and the (k+1)-th sense amplifier por-
tion and enclosed by the ring-shaped gate electrode por-
tion.

9. The semiconductor memory device according to claim 8,

wherein each of the plurality of sense amplifier portions com-
Prises:

a first bit line contact which 1s formed on the first bit
line-connected active region and to which the first bat
line 1s connected;

a second bit line contact which 1s formed on the second bit

line-connected active region and to which the second bit
line 1s connected; and

a bit line potential supply contact which 1s provided on the
contact region and to which the bit line potential supply
line 1s connected.
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